[1] The western branch of the East African Rift is composed of an arcuate succession of elongate asymmetric basins, which differ in terms of interaction geometry, fault architecture and kinematics, and patterns of uplift/subsidence and erosion/sedimentation. The basins are located within Proterozoic mobile belts at the edge of the strong Tanzanian craton; surface geology suggests that the geometry of these weak zones is an important parameter in controlling rift development and architecture, although other processes have been proposed. In this study, we use lithosphere-scale numerical models and crustal-scale analogue experiments to shed light on the relations between preexisting structures and rift architecture. Results illustrate that on a regional scale, rift localization within the mobile belts at the curved craton's western border results in an arcuate rift system, which implies that under a constant extensional stress field, part of the western branch experienced orthogonal extension and part oblique extension. Largest depocenters are predicted to form mostly orthogonal to the extension direction, and smaller depocenters will form along the oblique parts of the rift. The varying extension direction along the rift zone furthermore results in lengthwise varying rift asymmetry, segmentation characteristics, and border fault architecture (trend, length, and kinematics). Analogue models predict that discrete upper crustal fabrics may influence the location of accommodation zones and control the architecture of extension-related faults at a local scale. Models support that fabric reactivation is responsible for the oblique-slip kinematics on faults and for the development of Zshaped or arcuate normal faults typically documented in nature. Citation: Corti, G., J. van Wijk, S. Cloetingh, and C. K.
Introduction
[2] The western branch of the East African Rift (Figure 1 ) is considered an archetype of continental rifts at an early stage of development [e.g., Rosendahl, 1987] . The western branch is composed of a system of distinct segments that developed since the Miocene (circa 12 -10 Ma) [e.g., Ebinger, 1989] within Proterozoic mobile belts at the western border of the mechanically strong Tanzanian craton [McConnell, 1969 [McConnell, , 1972 Morley, 1988; Ebinger, 1989; Versfelt and Rosendahl, 1989; Ring, 1994; Petit and Ebinger, 2000; Nyblade and Brazier, 2002] . The rift system is composed of an arcuate series of elongate, deep sedimentary basins. The basins are typically 80 to 100 km long and up to 6-7 km deep [Morley, 1989] . Basin crosssectional geometry is generally asymmetric half graben style, where the thickest basin fills, and greatest water depths, lie in the hanging walls of linear to arcuate border fault systems [Rosendahl et al., 1986; Ebinger et al., 1987; Rosendahl, 1987; Morley, 1988 Morley, , 1989 Ebinger, 1989] . Many of the basins (particularly Lake Tanganyika), display along-strike alternating basin asymmetry as the location of the master fault switches from one side of the basin to the other. Normal fault characteristics vary along the length of the rift, including linear, arcuate or short en echelon fault traces arranged in different sectors of the rift, with the kinematics of single structures varying from pure dip slip to oblique slip ( Figure 1 ). Cumulative crustal extension and crustal thinning of the rift basins are thought to be very limited (b < 1.5) [e.g., Morley, 1988 Morley, , 1989 Ebinger, 1989; Kusznir et al., 1995; Karner et al., 2000] .
[3] Linking and mechanical interaction between adjacent basins occurs across accommodation zones. These accommodation zones are structurally complex areas, where significant along-axis variations in subsidence of grabens and elevation of uplifted flanks occur [Rosendahl, 1987; Morley et al., 1990] . In the western branch, the sparse volcanic activity coincides with accommodation zones [e.g., Ebinger, 1989] . The locations of eruptive centers are found to be related to faults , and volcanic activity seems to begin during the initial stages of continental rift development [e.g., Ebinger, 1989] .
[4] Previous studies have defined a range of different processes that might control the structural variability and along-axis segmentation of the rift system.
[5] 1. Scholz and Contreras [1998] suggested that variations in the mechanical properties of the rifting plate influence the length, width, and style of faults in East Africa.
[6] 2. Southward rift propagation is proposed to have contributed to the diachronous development of rift basins and differences in evolution between basins [Ebinger et al., 1987; Ebinger, 1989] . However, a southward age progression in the western branch is debated by Nyblade and Brazier [2002] .
[7] 3. The segmentation of rift basins linked via accommodation zones is thought to be shaped by magmatic processes .
[8] 4. Delvaux et al. [1992] and Ring et al. [1992] found indications for a change in stress orientation during discrete episodes of rifting in the Rukwa area and Malawi rift. Ring et al. [1992] determined that older faults at the outermost part of the rift have a different kinematic style than younger faults toward the center of the rift. Analogue modeling experiments show that such a distribution of fault kinematics can indeed be explained by a change in stress direction [e.g., Corti et al., 2003] .
[9] 5. A spatially periodic mantle anomaly along the length of the rift is proposed to cause the observed largescale rift segmentation [Ebinger et al., 1987] . Ebinger et al. [1987] developed this hypothesis to explain the inconsistent correlation between the trends of border fault segments and preexisting structures. However, other studies show that the nature of the prerift fabric, in combination with the orientation of the stress field, has influenced the Lake Tanganyika rift zone [e.g., Versfelt and Rosendahl, 1989; Ring, 1994] and can explain the seemingly inconsistent correlation between preexisting structures and fault patterns. The preexisting lithosphere structure and extension orientation are the focus of the present study.
[10] In this study, rift architecture and segmentation in relation to the geometry of the Tanzanian craton and the surrounding Proterozoic mobile belts are investigated through numerical and analogue models. The relationship between the tectonic inheritance and rifting is obvious on a continental scale, as normal faults localize within the mobile belts (Kibaran, Ubendian, Ruwenzori belts) at the craton's western edge [McConnell, 1969 [McConnell, , 1972 Versfelt and Rosendahl, 1989; Ring, 1994] . However, on the local scale of individual rift basins or faults the relation with prerift structures is more enigmatic: While field works [e.g., Lezzar et al., 2002] and previous analogue models [e.g., Bellahsen and Daniel, 2005; Michon and Sokoutis, 2005] suggest that preexisting upper crustal weakness may influence fault architecture and basin development, other studies have shown that structures may even cross ancient fabrics [e.g., Ebinger, 1989] . We test whether the preexisting structure Figure 1 . Main structural features of the eastern and western branches of the East African Rift [after Versfelt and Rosendahl, 1989; Morley, 1999a; Walker et al., 2004] . Rift zones follow old mobile belts and avoid the strong Tanzanian craton. A, Lake Albert; E, Lake Edward; K, Lake Kivu; IO, Indian Ocean; M, Lake Malawi; Ta, Lake Tanganyika; Tu, Lake Turkana; V, Lake Victoria.
can explain the segmented character of the rift, or that other processes, such as diapiric magmatism, are needed. A modeling approach has been chosen in which analogue experiments on crustal scale are complemented by numerical viscoelastic models of lithosphere deformation.
Boundary Conditions of Deformation
[11] Rifting in East Africa has been attributed to the occurrence of one [e.g., Ebinger and Sleep, 1998 ] or two [e.g., George et al., 1998 ] mantle plumes impinging the base of the lithosphere or, more recently, to a broader mantle upwelling (the African Superplume) connected to a lower mantle anomaly [e.g., Benoit et al., 2006] . Huge amounts of volcanic rocks, uplift of large regions and subsequent deformation are the primary response to these active rifting settings, as observed in Kenya and Ethiopia. Conversely, in the western branch volcanism is scarce and limited uplift is localized to volcanic zones, suggesting that magma intrusion may be responsible for the local topography. Thus the impingement of a mantle plume on the lithosphere and the related doming are not the driving mechanism for rift development in the western branch. The eastward movement of the Somalia plate (or the Tanzanian craton) is most probably responsible for rifting in the area; consequently, in our experiments far field stresses determines the extensional deformation of the lithosphere.
[12] Extension is suggested to occur in an approximately E-W direction, as supported in nature by geological data [Morley, 1988 [Morley, , 1989 Daly et al., 1989; Ebinger, 1989; Lezzar et al., 2002] , current seismicity [Fairhead and Stuart, 1982; Bungum and Nnko, 1984; Shudofsky, 1985; Shudofsky et al., 1987; Kebede and Kulhanek, 1991; Foster and Jackson, 1998 ], GPS analysis [Fernandes et al., 2004; Calais et al., 2006] and analogue modeling results [Michon and Sokoutis, 2005] .
[13] The velocity of extension is fixed at $2 mm a À1 ; similar low-extension velocities in the western branch are predicted on the basis of geological constraints [Morley, 1988; Ebinger, 1989] , and supported by analysis of the Nubia-Somalia motion based on plate kinematics [Jestin et al., 1984; Lemaux et al., 2002] , GPS data [Fernandes et al., 2004] , and current seismicity [Foster and Jackson, 1998 ]. Cumulative crustal stretching and thinning of the rift basins are thought to be very limited: Extension values ranging from $6 to $19 km are suggested by geological analysis [Morley, 1988 [Morley, , 1989 Ebinger, 1989] , and mechanical and gravity modeling [Kusznir et al., 1995; Karner et al., 2000] .
[14] Seismic analysis indicates the occurrence of many earthquakes of large magnitude in the deep crust [e.g., Shudofsky, 1985; Shudofsky et al., 1987; Jackson and Blenkinsop, 1993; Nyblade and Langston, 1995; Camelbeeck and Iranga, 1996; Foster and Jackson, 1998 ]. Most of the deep earthquakes are localized at the extremities of the western branch, suggesting early stages of rift development in cold, strong continental crust where deep faults can traverse much of the crust [Morley, 1989; Morley et al., 1999] .
[15] The pervasive weaknesses that correspond to the curved geometry of the mobile belts at the boundary of the Tanzanian craton have been considered in both modeling approach. In the analogue models we have also reproduced discrete upper crustal fabrics, whose trend is based on field works suggesting reactivation of the NNE to NE trending fabrics (Kibaran and Ruwenzori belts) in the northern part of the rift, NW trending fabrics (Ubendian belt) in the southern part and both fabric directions in the central part [McConnell, 1969 [McConnell, , 1972 Versfelt and Rosendahl, 1989; Ring, 1994; Morley, 1999a; Walker et al., 2004] .
3. Analogue Modeling 3.1. Experimental Setup, Material, and Scaling
[16] Crustal-scale analogue models were designed to analyze rift architecture and segmentation in relation to the geometry of the Proterozoic mobile belts surrounding the Tanzanian craton. The experiments were performed at the Tectonic Modeling Laboratory of the Consiglio Nazionale Delle Ricerche -Istituto di Geoscienze e Georisorse of Florence University (Italy), using a pure and simple shear deformation apparatus. The models, characterized by total dimensions of $110 cm Â $25 cm Â $3.5 cm, consisted of a basal ductile layer made of a mixture of corundum sand and silicone (lower crust analogue) overlaid by a brittle upper crust analogue made of sieved Qz sand (Tables 1  and 2 ). The models were built over the metal base of the deformation apparatus; to avoid boundary effects, all the sides of models were unconfined. Extensional deformation was achieved through displacement of a basal thin acetate sheet fixed to a mobile wall that was driven by a stepper motor controlled by a central unit. Motion of the basal sheet induced a central velocity discontinuity (VD), whose displacement was transferred by viscous coupling at the base of the sand layer. The VD localized the extensional deformation within the overlying crust and reproduced the pervasive fabric corresponding to the weak zones at the craton's western border. The velocity of the acetate sheet was fixed at 5 cm h
À1
; geometric and dynamic-kinematic similarity (achieved through comparison of dimensionless ratios relating gravitational stresses to differential stresses for brittle and ductile deformation; see Table 2 ) ensured that the models simulated extension of a $35 km thick continental crust at a velocity of extension of $2 mm a
, in E-W direction (Table 2 ). Model evolution was monitored through top-view photos taken at regular time intervals; after deformation, the models were soaked in water and then sectioned to observe the internal structures.
[17] The reference model (CRS21) was characterized by a homogenous crustal rheology, whereas in another model (CRS22) discrete zones of weakness in the upper crust were simulated. These weaknesses were created by the introduction of pieces of cardboard through the sand layer down to the top of the silicone layer [Bellahsen and Daniel, 2005] . The introduction and removal of the cardboard results in grain rearrangements, creating a zone of dilation; this zone obeys a Coulomb's frictional slip criterion and represents a zone of weakness because the coefficient of friction is lower than the internal friction of the undisturbed sand. The dip of these weakness zones was $90°, their width was $5 mm and their trend was varied to match the main Proterozoic belts.
Experimental Results
[18] Upon extension, normal faults bounding a subsiding depression localized above the basal VD (Figures 2 and 3) . In the reference model (CRS21), the deformation pattern was primarily controlled by the curvilinear shape of the VD and the lateral variation in rift kinematics. In the central part of the model, linear normal faults and basins developed roughly perpendicular to the direction of extension ; these faults displayed dominantly dip-slip kinematics. Approaching the lateral edges of the models, structures were oblique or highly oblique to the extension direction (Figures 2a -2c ). There, conditions of oblique rifting resulted in relatively short, en echelon oblique-slip boundary faults [Tron and Brun, 1991] . The dip of boundary faults was higher, basins were narrower and subsidence was less pronounced than in the areas of orthogonal extension, as observed in previous modeling [Michon and Sokoutis, 2005] . As observed in the numerical experiments (see below), analysis of model cross sections showed that curvature of the rift system resulted in a typical basin asymmetry, with border fault locations and basin tilting alternating over the length of the rift (Figure 2d ). Indeed, in these oblique rifting conditions, the rift zone follows the (oblique) VD orientation, but the single basins are individually oriented according to the extension direction. This results in an alternating rift asymmetry; the patterns of crustal thinning and topography are not symmetric around the rift axes of the major rift zones and change along axis over such a rift.
[19] Model CRS22 contained upper crustal zones of weakness intended to simulate the discrete fabrics in the brittle crust in nature. The preexisting fabrics were able to control the fault architecture at a local scale by modifying the fault geometry and kinematics . By including these inherited weakness zones a good fit of extension-related structures between model and nature was obtained, as discussed in the following section.
Comparison Between Analogue Models and Nature
[20] Comparison of Figures 3b and 3c highlights the resemblance in large-scale fault pattern between model CRS22 and the western branch. As observed in lakes George, Kivu, and northern Tanganyika, the central part of the model (in the region dominated by extension-orthogonal long, linear normal faults in the reference model) displays reactivation of NNE to NE trending preexisting weaknesses as normal faults slightly oblique to the general trend of the rift; these oblique faults locally influence the location of accommodation zones (Figures 3b, 3c , and 5). Reactivation of these oblique fabrics seems to determine local maximums in the width of the deformed zone in both nature and experiments ( Figure 3d ). In the portion of the model corresponding to the northern Lake Tanganyika in nature, NW trending fabrics were locally reactivated as oblique-slip dextral faults, consistent with structural documentations (Figure 4) [Lezzar et al., 2002] . At the southern edge of the model, NW trending (Ubendian orientation) weaknesses were strongly reactivated; these reactivations locally suppressed the en echelon arrangement of border faults that typically arise in models of oblique rifting and gave rise to anomalously long faults, similarly to the Rukwa fault system (Figures 3 and 5) [Morley, 1999b; Morley et al., 1999] . Both in model and nature, the large-scale kinematics of the fault zones documents a component of dextral oblique-slip, consistent with oblique rifting resulting s 3 ) viscous ; the differential stress in the viscous layer has been calculated using flow equations for power law materials (see Corti et al. [2004] for details of parameters). c R s = rgh b /(s 1 À s 3 ) brittle ; the differential stress in the brittle layer has been calculated using governing equation for tensional faulting in Coulombian materials (see Corti et al. [2004] et al., 1999] . Although previous works suggested that the dextral kinematics on NW trending faults in the Lake Rukwa region may result from a pure strike-slip deformation along a right-lateral intracontinental transform zone [e.g., Chorowitz, 2005, and reference therein], the current modeling supports that the fault pattern and kinematics are more consistent with oblique extension at angle of $40°-45°( Figure 5 ), a result which is compatible with fault architecture in nature [e.g., Morley, 1999a; Morley et al., 1999] . Thus the dominant structural framework is set up during oblique extension, whereas some minor structures (such as the minor folds or inversion features documented in nature but not observed in the models) may be explained as late features related to a change in regional stress [e.g., Morley et al., 1999] , as suggested by field work [e.g., Delvaux et al., 1992; Ring et al., 1992] .
[21] Besides the local reactivation of weakness zones, boundary fault segments developing perpendicular to the extension direction and crossing the inherited upper crustal fabric are widely observed along the entire length of both the model rift and the western branch [e.g., Ebinger, 1989; CORTI ET AL.: INHERITANCE AND RIFT ARCHITECTURE Morley, 1999a] . The interaction between these boundary fault segments and the reactivated structures creates sigmoidal or arcuate normal faults (see Figure 3 , Lake Tanganyika area, and Figure 4 ), typically documented in the western branch of the EAR [Rosendahl, 1987; Ebinger, 1989; Le Turdu et al., 1999; Morley, 1999a; Lezzar et al., 2002] .
[22] As in the reference model, a typical basin asymmetry results from the analysis of model cross section; the pattern of alternating border faults and basin tilting strikingly resembles that characterizing Lake Tanganyika (Figures 3e  and 3f) .
[23] Overall, the above results suggest that the large-scale rift architecture is compatible with the weakness zone reactivation under a main phase of approximately E-W extension, although local fault pattern, focal mechanisms and stress orientations from the world stress map document more complex structural scenarios. For instance, in the Rukwa area an almost pure dip-slip kinematics on some faults is documented by focal mechanism solutions [e.g., Foster and Jackson, 1998 ] and field data [Delvaux, 2001] , whereas the models predict a dominance of dextral oblique slip. These discrepancies may arise from a more complex accommodation of the distributed continental deformation in nature where slip partitioning between different set of structures [e.g., Foster and Jackson, 1998 ] and/or rapid switching between different paleostress environments Morley, 1988; Ebinger, 1989] . Note the transcurrent component of movement on faults and the Z-shaped or arcuate geometry of structures in both model and nature (see text for details). (d) Graphs of fault trend and width of the deformed zone versus distance along the rift axis for the model (hexagons with error bars) and nature (dotted line). Note the good correspondence in fault pattern; also note that local maximums in the width of the deformed zone in both nature and experiments occur in areas characterized by strong reactivation of oblique fabrics. (e) Schematic cross sections of the model; arrow indicate the sense of basin tilting. (f) Seismic lines in Lake Tanganyika [Morley, 1988] . Numbers refer to two-way traveltime. A similar asymmetry in boundary faults and basin tilting along the length of the rift is observed in both models and nature.
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CORTI ET AL.: INHERITANCE AND RIFT ARCHITECTURE through time may occur [e.g., Morley et al., 1999] . Another alternative is that local stress alignment in the oblique zones (e.g., S hmax subparallel to fault orientation) is significantly different from the regional stress direction, as observed in the North Sea, for example [Yale et al., 1994] . In addition, the counterclockwise rotation of the Tanzanian craton may contribute to the observed complex structural pattern [Calais et al., 2006] . Obviously, the experimental results cannot explain all the structural details and the complexity characterizing natural rifts.
Numerical Experiments
[24] Numerical experiments were performed with the academic code Tecton [Melosh and Raefsky, 1980] , which was coupled to a thermal routine [Greenough and Robinson, 2000] . The version included temperature-dependent power law rheology and buoyancy forces (for a more complete description, see van Wijk and Blackman [2005] ). These numerical routines are widely used in studies of lithosphere deformation [Furlong et al., 2001; Govers and Wortel, 2005] . We adopted a finite element modeling approach in which the model domain represented a lateral portion of lithosphere of 800 Â 1000 km (Figure 6 ), and solved for thermal evolution and viscoelastic deformation of the lithosphere. The main simplifying assumption is that brittle behavior is not included in the model; a simple parameterization was used in which the value of the yield stress was given by the power law breakdown stress [Tsenn and Carter, 1987] and Byerlee's law was adopted in the upper crust. These viscoelastic lithospheric-scale numerical experiments were preformed to complement the brittle, crustal-scale analogue modeling results.
Characteristics of the Modeling Setup
[25] A nonequidistant finite element grid was used; the node distance was smallest in the weak zone and crustal layers ($4 km) and coarser away from the weak zone and in the mantle layer. The grid followed the curvature of the prescribed weak zone (Figure 6a , only some of the grid lines are shown). A weak zone was included in the model to represent the Proterozoic mobile belt west of the Tanzanian craton where extensional deformation has localized. The weak zone followed the curved shape of the western side of the craton in these models; it is analogous to the VD the analogue models (see above). The width of this zone varied between the scaled equivalent of 50 and 200 km in different experiments, and was prescribed in the setup of the models as a zone with increased crustal thickness (that varies between experiments). For testing cases in which the strength difference between the weak zone and surrounding lithosphere is large, elastic parameters of the weak zone crust were lowered with a maximum of one order of magnitude. Apart from varying the relative weakness of the Proterozoic belt, a series of models were performed in which the curved shape of the craton was varied (Figure 6 ). Previous studies [van Wijk, 2005] have pointed out that these factors may control rift segmentation. The craton was included in the models as ''normal'' continental lithosphere instead of thick and cold lithosphere; this simplification is considered acceptable because the focus in these tests was on localization of deformation within the weak zone.
[26] In the experiments (Figure 6a ), a setup was used in which the 125 km thick lithosphere was layered; a 35 km thick continental crust with a quartz-diorite composition overlays mantle with an olivine composition (Table 3) . Lithosphere extension was simulated by pulling the left and right sides of the model domain approximately E-W whereby the extension velocity was held constant at 2 mm a
À1
. The base of the domain was held horizontal but was free to move laterally, while the front and back sides and surface were free to move. Temperature boundary conditions included a constant normal mantle temperature at the base (1300°C) and top surface (0°C) and zero heat flow through the sides.
Results of Numerical Experiments
[27] Upon extension, deformation of the lithosphere localized in the prescribed weak mobile belt. The crust was thinned, and either a single, or a series of sedimentary basins were formed in the weak zone, depending on the curvature and relative weakness of the weak zone. The model predicted some upwelling of mantle material and slightly elevated temperatures beneath the rift basins (Figure 6b ). For a sufficiently large strength contrast between the weak zone and surrounding lithosphere the model produced a series of rift zones (Figure 6c ). Where the weak zone is oriented orthogonal to the extension direction a major sedimentary basin was formed; to the north and south of this basin, where rifting is oblique, crustal thinning was CORTI ET AL.: INHERITANCE AND RIFT ARCHITECTURE less pronounced and smaller rift basins were generated ( Figure 6 ). The largest depocenter should be located orthogonal to the extension direction. In the case where a series of rift basins is formed, the smaller basins were somewhat rotated with respect to the weak zone; their orientation was clearly influenced by the extension direction. The origin of the strain localizations in the rift axis resulted from the strength difference between the weak zone and surrounding lithosphere. When lithospheric material in the weak zone is substantially weaker than the surrounding strong plate, stresses rotate between these materials, and multiple areas of localization that are somewhat rotated with respect to the orientation of the weak zone, are formed [van Wijk and Blackman, 2007] . The group of rift basins, however, follows the weak zone in the lithosphere on a regional scale. When the strength difference between the weak mobile belt and surrounding lithosphere is small (case III), one sedimentary basin is formed upon extension (Figure 6c ). Crustal thinning factors vary in this case over the length of the rift, and maximum crustal thinning is predicted in the area that is (almost) orthogonal to the extension direction, however, a segmented structure is no longer found.
[28] Whether structural segmentation will occur upon oblique extension of the lithosphere is thus dependent on the relative strength difference between weak zone and surrounding lithosphere in these numerical experiments, and on the relative orientation of the weak zone and the extension direction. In case II, where the curvature is limited and most extension is orthogonal or suborthogonal, the experiments show formation of an elongated rift that follows the weak zone. Two smaller basins can be recognized to the north and south of this rift where the curvature of the prescribed weak zone is stronger.
[29] There is no significant thermal segmentation predicted at these low-extension and crustal thinning factors (Figure 6b ). Temperatures vary only $5-10°C between the warmest center of a segment and the places in between segments, and temperatures are too low everywhere for decompressional partial melting to occur. With ongoing extension and crustal thinning beyond what is observed at the western branch, the results show that in the case of a segmented rift, thermal segmentation is increased. Therefore we conclude that the segments are generally preferred zones for mantle upwelling and eventually decompression melting, although in the western branch such thermal segmentation following a passive rift model is not pronounced at the moment. The models furthermore predict that surface heat flow values in the rift are hardly elevated following about 10 km of extension (values about 8 mW m À2 higher than surrounding lithosphere). This reflects the limited thermal effect that we find after the crust has been thinned only slightly. We note, however, that processes such as magma migration and injection are not included in the model; these processes may locally increase surface heat flow values significantly.
Comparison Between Numerical Models and Nature
[30] Under the conditions discussed above, one of the findings of the numerical experiments is that the models predict, independent of relative strength differences between the weak zone and surrounding lithosphere, the formation of major depocenters in orthogonally rifted areas. All the cases investigated predict that the most prominent extensional deformation occurs in the orthogonal parts of the rifts and lateral along-strike variations in crustal thinning. However, development of distinct rift segments in the western branch best matches the finite element models where a relatively large prerift strength difference existed between the weak zones and adjacent lithosphere. With the assumption that the extension direction is approximately E-W, the numerical models predict that Tanganyika rift would be the most prominent basin, as this basin is located approximately orthogonal to the extension direction. Estimates of sediment thickness at Lake Tanganyika are at least 4 -5 km according to Rosendahl et al. [1992] , while, for example, maximum sediment thickness of the Albertine rift, northern western branch [Karner et al., 2000] are estimated to be up to 4.6 km, and Lake Kivu about 0.5 km [Degens et al., 1973] . Although the numerical models apparently fail to explain why the Lake Albert rift has similar sediment thicknesses as Tanganyika rift, while the Lake Kivu rift is clearly less developed, there are actually a number of mitigating factors. First, Lake Albert may well fit the predictions of the model and have a thickness of Cenozoic sediments plus presentday lake depth of 2-3 km versus 5.5-6.5 km for Lake Tanganyika. The present maximum water depth for Lake Albert is only 58 m while it is about 1.5 km for Lake Tanganyika. This implies a significant difference in relatively recent subsidence rate or a major difference in sediment supply. In publicity material for oil exploration produced by the Ugandan National Oil Company, it is proposed that about half the sediment fill of Lake Albert is Mesozoic, with the Cenozoic section is only about 2-3 km thick. The 16 km extension proposed by Karner et al. [2000] seems too high for the Cenozoic alone, but it is more plausible if older rifts have been reactivated. Lake Albert may be similar to the other oblique trend in the western branch associated with Lake Rukwa, where Cretaceous and Karroo trends underlie Cenozoic sediments [Roberts et al., 2004] . Recent vertebrate fossil discoveries indicate that the lower part of the Red Sandstone Group in the Rukwa rift is of Cretaceous age [Krause et al., 2003 , O'Connor et al., 2006 . Consequently out of $10km thickness of sedimentary rock (Karroo, Cretaceous and Tertiary) [Morley et al., 1999] only a maximum of $4 km maybe of late Tertiary age. Just like Lake Albert, the water depth (maximum of $16 m) is significantly less than Lake Tanganyika. Consequently maximum subsidence in the Lake Albert and Lake Rukwa rifts appears to be some 50-70% of subsidence in Lake Tanganyika.
[31] Lake Kivu cannot easily be compared with the other rifts because of the major impact of igneous activity. The total thickness of basin fill (sediment plus volcanics plus volcaniclastics) is unknown because the seismic data did not penetrate below layers of lava flows, hence the observed sediment thickness cannot be reliably taken as the maximum thickness of the basin fill. Supporting this is the maximum depth of the lake; it is 480 m, indicating that considerable accommodation space has been created. Secondly, the surface lake level of Kivu is some 600 m higher than the adjacent lake levels to the north (Lake George) and south (Lake Tanganyika). This is clearly a large-scale effect, possibly related to a magmatic/heat flow effect with a $150 km diameter. The buoyancy of the region would have had a considerable effect on subsidence so that Lake Kivu could not be simply compared with Lake Albert.
[32] The numerical modeling results show furthermore that decompressional melting as a result of passive mantle , 1988] , unless mantle temperatures have been elevated considerably during rifting, or increased mantle upwelling (small-scale convection) occurs, for example, along a craton-noncraton boundary [King and Anderson, 1998; Pascal et al., 2002] . In these cases, pressure release melting may start almost immediately upon extension of the lithosphere [McKenzie and Bickle, 1988] , giving rise to the sparse magmatism in the western branch. This volcanic activity seems to concentrate in the accommodation zones, not in the sedimentary basins, while the basins and not the accommodation zones would be the preferred location for generating pressure release melting in the numerical models. Why would this magma erupt in the accommodation zones instead of in the basins?
[33] The presence of early volcanism raises the question: Is the deformation ''predetermined'' i.e., the volcanism controls rift development and the location of accommodation zones, or is it controlled as the rift develops by rift structures such as transfer zones? The above analogue modeling results support that the main rift architecture is controlled by the trend of mobile belts, and thus accommodation zone location may not be controlled by magmatic processes. Structural studies in lakes George and Edward region [Laerdal and Talbot, 2002] support that accommodation zones are controlled by WNW to NW trending basement lineaments interfering with the NNE to NE trend of the Miocene rifting; reactivation of these transversal Precambrian fabrics and their intersections with the rift faults control the eruption of the early magmas. Further accumulation of magma at transfer zones may be enhanced by rift-orthogonal magma migration [e.g., Corti et al., 2003 Corti et al., , 2004 , and its ascent facilitated by the deeply penetrating transfer faults [e.g., Ebinger et al., 1989] . In turn, magma emplacement may contribute to the final architecture of the accommodation zones by locally controlling the deformation style (intrusion versus brittle faulting): The magmatic areas lack large border faults; they die out approaching the magmatic centers, consequently brittle extension does not appear to be transferred onto other faults, hence either extension dies out, or it is transferred to igneous intrusions.
[34] Thus migration of the scarce magma volumes related to anomalous mantle temperatures at the early stages of extension (as in western branch) may be controlled by intersecting high-angle structural trends, causing eruption at accommodation zones. Increasing amount of lithospheric extension will conversely result in decompressional melting below the main sedimentary basins and pronounced magmatic segmentation of the rift, as predicted by the models. Similar evolution has been speculated on the basis of structural investigations for the volcanic craters in the Toro-Ankole and Virunga volcanic provinces, whose trend is aligned parallel to the structural feature that was dominating in the area at the time of volcanic initiation [Laerdal and Talbot, 2002] . For the older volcanic province (Virunga), the dominant structure at the time of initiation was the Precambrian basement lineaments, while the dominant structure during initiation of the Toro-Ankole volcanic province was the NNE-SSW oriented Miocene rift [Laerdal and Talbot, 2002] .
Conclusions
[35] As early as several decades ago it has been suggested that the tectonic inheritance has controlled the location and development the western branch of the East African Rift [e.g., McConnell, 1969] . The relationship between rifting and preexisting weaknesses is indeed obvious on a continental scale, as normal faults localize within the mobile belts at the craton's western edge. However, the more closely we look at single basins or fault systems the more the picture of the relations between structure and inheritance becomes complex and this has complicated the assessment of the role of preexisting structures on rift architecture. The current analogue and numerical models shed new light on this old problem by considering in detail the role of discrete upper crustal fabrics and lithospheric weakness zones on the rift structure.
[36] First-order segmentation characteristics of the EAR are shown by the above described experiments to be controlled by the geometry of the weak, Proterozoic mobile belts at the western border of the Tanzanian craton. Model results illustrate that on a regional-scale rift localization at the curved craton's border results in an arcuate rift system, which implies that under a constant extensional stress field, part of the western branch experienced orthogonal extension and part oblique or highly oblique extension. This varying extension direction along the rift zone results in lengthwise varying rift asymmetry, segmentation characteristics and border fault architecture (trend, length and kinematics). As predicted by the finite element modeling the rifts oblique to the regional extension direction (lakes Rukwa and Albert) appear to display lower amounts of basin subsidence and extension, than the more extension-orthogonal Lake Tanganyika. In both Lake Rukwa and Lake Albert, there is some controversy about the thickness of the Cenozoic section and actually how much is of Mesozoic age. The modeling here supports the interpretations of thinner Cenozoic section. Part of the preexisting fabric associated with the oblique rifts appears to be older brittle Late Paleozoic-Mesozoic extensional rift systems that themselves were influenced by the Precambrian basement fabrics.
[37] Another oblique rift trend, Lake Kivu, does not fit so easily into the assessment because of the overprint of uplift and extrusive activity associated with an important magmatic province. However, the emplacement of magma early in the rift evolution was focused on a region where Precambrian basement structures meet at a high angle with the brittle rift structures. These intersecting trends probably focused magmatic activity which in turn, early in the rift history, then influenced the location of the accommodation zones by transferring upper crustal extension from predominantly brittle faulting to predominantly tensile failure accommodating igneous intrusions.
TC6006
CORTI ET AL.: INHERITANCE AND RIFT ARCHITECTURE [38] Superpositioned is the influence of inherited discrete fabrics and reactivated structures, which control local fault geometries and architecture of accommodation zones. For example, when lithospheric material in the weak zone is substantially weaker than the surrounding strong plate, stresses rotate between these materials, and multiple areas of localization that are somewhat rotated with respect to the orientation of the weak zone, are formed. In this way, seemingly enigmatic correlations between preexisting fabrics and basin structures can be explained. Inherited weakness reactivation is thus able to account for the dominant structural framework of the western branch; other parameters such as magmatic diapirs or changes in stress field during rifting may have controlled structures at a more local scale.
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